In this study, we aimed to evaluate the sensitivity and diagnostic efficiency of MRI in the detection of particularly advanced cartilage pathologies compared with the arthroscopic results.
Methods
We investigated 16 males (38.1%) and 26 females (61.9%) who had been under follow-up at our hospital for 6 months and presented with complaints of throbbing in the knee after walking long distances, difficulty in climbing stairs, and for whom arthroscopy was planned. The age range of the patient group was 31-70 years, and the mean age was 50.8±10.8 years. For 42 knees, routine fat saturated T2W fat SE (FSE), sagittal T1-W, sagittal fat-suppressed (FS) PD FSE, and coronal short inversion time inversion recovery (STIR) sequences were used. The MRI results were retrospectively assessed. No physical effort was applied during MRI. Two different radiologists evaluated the MR images with consensus in case of different results and then compared with the arthroscopy results, regarded as the "gold standard." Six articular surfaces were assessed in total, including medial and lateral femoral condyls, medial and lateral tibia plateau surfaces, and medial and lateral patella facets. An outbridge MR grading system was applied: Grade O: normal, Grade 1: abnormal signal intensity, Grade 2: surface irregularity; Grade 3: partial loss of thickness that does not reach the bone, and Grade 4: complete loss of thickness that does not reach the bone and reactive change in the subchondral bone. Figures 1-5 represent the different grades of chondropathies diagnosed in the study group.
Images were assessed blinded to clinical data. On different planes, individual assessment, grading, and labeling was applied for each knee. Images on the axial and sagittal planes were collected and classified; the results were listed according to each patient's name. Arthrosocopies were performed under general anesthesia using a standard procedure. The duration between MRI investigations and arthroscopic procedure did not exceed 15 days.
The ratios of sensitivity, specificity, and accuracy were evaluated for imaging results using arthroscopy as the gold standard.
The study was approved by the ethical committee of our institution. Informed consent was waived due to the retrospective study design.
Statistical Analysis
The Statistical package for social sciences for Windows 10.0 software (SPSS Inc. SPSS Statistics for Windows, Version 10.0. Chicago, IL, USA) was used for statistical analyses. Descriptive statistical methods (frequency distribution), diagnostic screening tests (sensitivity, specificity, and positive prediction value) were used for comparing quantitative data. Results were evaluated at 95% confidence interval (CI).
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Results
In comparison with the late-stage cartilage lesions detected in the sagittal fat saturated T2 and axial T2-weighted sequences to the arthroscopy findings detected in 6 regions in the knee, we observed that MRI findings were consistent with the arthroscopy results in 199 of 252 sites. While MRI was unsuccessful in showing and classifying the cartilage lesions in 38 regions in total, sites that were considered normal in 15 regions upon arthroscopy were reported to be pathologic at MRI investigation. The compliance of MRI and arthroscopy and the success of grading were observed to be higher on the medial femoral condyl (MFC) and patella facet surfaces. The sensitivity, specificity, and precision were calculated at 95% CIs. Arthroscopy revealed advanced-stage chondromalacia in 139 of 252 sites in total (images 1-5 represent MRI and arthroscopy images of 5 different stages of cartilage pathologies). The total sensitivity in detecting cartilage abnormalities of MRI was 72.7% (101/139; 95% CI: 64.7%-79.4%); total specificity was 86.7% (98/113; 95% CI: 79.3%-91.8%), and total accuracy was 78.9% (199/252; 95% CI: 70.5%-83.6%). Table 1 shows comparison of sensitivity, specificity and accuracy values of different chondropathy regions.
The highest sensitivity and accuracy values were detected as MFC (93.3%) and lateral patellar facet (LPF; 84%).
The highest number of fake (+) assessments was detected for medial tibial plateau with 5 cases (total fake [+]: 15). No fake (+) assessments were made in MFC. The highest number of fake (-) assessments was in lateral tibial plateau with 17 cases (total fake [-]: 43). The compliance between MRI and arthroscopy was calculated using the kappa statistics in early chondromalacia (Grade 1 and Grade 2) and late-stage chondromalacia (Grade 3 and Grade 4).
Қ was 0.1532 (0-0.3311) for stages 0, 1, and 2, while Қ was 0.4753 (0.3513-0.5993) for stages 3 and 4; the compliance between MRI and arthroscopy was detected to be higher in advanced-stage chondromalacia.
Discussion
MRI is the most commonly used modality in investigating chondromalacia due to high soft tissue contrast, ability to directly visualize the joint cartilage, and multiplanar imaging capacity. Despite many studies presented, there is yet no consensus on the pulse sequences to be selected for articular cartilage assessment. Conventional SE T1, PD and T2-weighted images, GE sequences obtained using 2D or 3D imaging, and MTC sequences are the sequences that are reported for investigating chondral pathologies. While the sensitivity and specificity ratios can be as low as 31% and 50%, respectively, they may also be as high as 100% (5).
Although FS 3D spoiled GE MRI was shown to be sensitive and specific in detecting the hyaline cartilage defects in the knee, at the early stages of the cartilage degeneration, it is weakly sensitive for isolated matrix injury. It is sensitive to metallic artifacts (6) . These are the sequences that need to be adjusted using software before interpretation. Due to low-contrast resolution, it was reported to be non-beneficial in characterizing the other intra-and extra-articular diseases (7).
In a study by Bredella et al. (3) , FS 3D spoiled GE MRI was reported to be of higher value in detecting morphologic changes compared to spatial resolution T2W FSE FS images .
Mc Cauley et al. (8) reported that it was difficult to differentiate from the cartilage fluid in PDW images . They concluded that the conventional SE technique was more beneficial in detecting chondromalacia patella and finding focal signal abnormalities than finding contour abnormalities.
Bredella et al. (3) showed in their studies that hyaline cartilage defects in the knee could be clearly assessed using T2W SE and FSE sequences used in the clinical practice. In this study, T2W FSE fat-saturated and T2W SE sequences showed high values in detecting articular cartilage defects (94%) . Particularly, it was shown to be sensitive in the early stages of chondromalacia. In this trial, 16 of 18 arthroscopy investigations were detected to show Grade 1 lesion; however, on MRI, only 11 showed compliance in grading. It showed a compliance between MRI and arthroscopy at 50% in Grade 2 lesions and at 83% in Grade 3 lesions. T2W FSE is sensitive in detecting Grade 4 lesions at advanced stages of chondromalacia. In this study, 18 of 19 lesions (95%) were detected; however, only one-half of the lesions showed (53%) compliance with arthroscopy.
In our study, T2W FSE FS sequences showed high sensitivity and specificity in assessing articular cartilage pathologies in the knee.
In their study conducted using non-fat-suppressed FSE proton density-weighted MRI imaging, Sonin et al. (4) detected a sensitivity of 73.5%, a specificity of 86.7%-90.5%, and an accuracy of 79.6%-86.1%, and the results were similar to those results obtained using cartilage-specific sequences . The results from this trial showed that previously described cartilage-specific sequences and FSE PDW MRI exhibited a comparable precision in the ability to detect articular cartilage and that they provided valuable data on other knee structures, such as ligaments or meniscus (9). In our study, T2W FSE fat saturated was sensitive in detecting the presence of hyaline cartilage defects; 72.7% of the lesions were compliant with arthroscopy. Conventional T2W SE sequences are time consuming and usually provide groundless signal-noise ratio. However, T2W FSE provide a heavy T2 weight and high resolution (10) . T2W FSE images provide more contrast between the cartilage and the fluid from FS T1W images. Nevertheless, spatial resolution is lower than that in FS 3D spoiled gradient echo MRI.
On T2W images, collagen loss in degenerated cartilage and increased water content is associated with reduced T2 relaxation and increased proton density. Both lead to increased signal intensity in T2W FSE fat saturated images (11) . Fat suppression is usually included in the clinical image protocols to increase sensitivity in bone marrow abnormalities. Articular cartilage reduces the chemical shift artifacts that exaggerate the thickness (12).
Radlbauer et al. (13) pointed out that incorporation of a DRIVE pulse into a standard T1weighted FSE sequence significantly increases the diagnostic value in the evaluation of anatomical structures and pathologies, within the same acquisition time .
In their study, Bae et al. (14) concluded that with the use of ultra-short time-to-echo (UTE) MRI techniques, it is possible to directly visualize and characterize some important musculoskeletal soft tissues that have intrinsically short T2 values .
Friedrich et al. (15) found that when using 3 tesla MRI, individually weighted double-echo steady-state is the most promising sequence for the evaluation of cartilage .
In a study by Andreisek et al. (16) , it is said that although a relatively new method for the compositional assessment of the articular cartilage T2* mapping shows a good test-retest as well as inter-reader and intra-reader reliabilities .
In our study, the comparison of the late-stage cartilage lesions detected in the knees on sagittal fat saturated T2 and axial T2W sequences with the arthroscopy findings obtained in 6 pre-specified regions of the knee showed full compliance between MRI findings and arthroscopy findings in 199 of 252 regions.
Conclusion
New surgical and medical approaches enable post-traumatic chondral treatment and delay chondral degeneration. Thus, it is crucial to diagnose and differentiate between early and advanced chondral lesions of the knee. Although MRI is the leading imaging modality due to its high sensitivity and diagnostic efficiency, particularly in detecting advanced cartilage pathologies, the magnetic power of the device and the sequences used are important to obtain optimal images. Although the success rates of different sequences in different planes in detecting and grading chondropathy vary in studies, MRI reaches high accuracies in detecting and grading advanced cartilage lesions with the use of appropriate sequences.
The study was approved by the institutional ethics committee and the requirement for informed consent was waived due to the retrospective study design.
Ethics Committee Approval: Ethics committee approval was received for this study from the ethics committee of Şişli Hamidiye Etfal Training and Research Hospital.
Informed Consent: Informed consent was waived due to the retrospective study design.
Peer-review:
Externally peer-reviewed. 
Conflict of Interest:
No conflict of interest was declared by the authors.
Financial Disclosure: The authors declared that this study has received no financial support.
